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Est iraa ting  Axle  Loadings  on  State  Highways  in  Indiana 

Introduction 

The  state  highway  departments  are  charged  with  the  responsibility 
of  providing  adequate  facilities  to  meet  the  demands  of  motor  vehicle 
transportation «>  In  order  to  accomplish  this  assignment,  a  system 
must  be  designed  which  will  consider  traffic  volumes,  the  types 
and  weights  of  vehicles,  and  the  frequency  of  load  application 
as  system  loadings.  Considerable  emphasis  by  the  Bureau  of 
Public  Roads  and  the  various  state  highway  departments  has  provided 
the  highway  planners  with  acceptable  procedures  for  establishing 
traffic  volumes  on  rural  and  urban  highway  systems.  Equally  important 
from  the  design  standpoint  is  the  magnitude  and  frequency  of  load 
application  made  on  the  roadway  pavement. 

In  the  United  States,  all  trucks  represent  only  about 
sixteen  percent  of  the  total  registered  motor  vehicle  population.  '"  ' 
Including  both  private  and  for-hire  trucks,  in  1964  there  were  over 
fourteen  million  trucks  registered  and  of  these,  only  35  percent 
contributed  to  the  design  consideration  of  the  structural  pavement. 
An  even  smaller  percentage  or  approximately  eight  percent  have  axle 
loads  which  are  significantly  of  concern.  The  structural  design  of 
pavements  is  dependent  upon  the  weights  of  a  relatively  small  number 
of  the  total  motor  vehicle  population.  It  should  be  pointed  out,  however, 
that  these  heavier  vehicles  are  more  fully  utilised  and  operated  many  core 


^Numbers  in  parenthesis  refer  to  references  listed  at  end  of  paper. 
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alias  per  year.  These  two  important  facta  make  statistical  weight 
estimates  mora  aacaptabla  than  if  thare  vara  many  different  trucks 
operated  over  shorter  dlstameea  per  year. 

Truck  Trends 


Also  importeat  re  cms  future  design  of  structural 
are  the  trend*  of  trmtha  weight*  end  chair  smabers.     Since  the 
introduction  of  the  savamr  mantels,  the  nemir  of  trucks  and  the 
amount  of  anode  man  ad  lay  trunks  have  Inorsooed  greatly.     Aa  aha 
Figure  1,  the  emsmee  *«  evvshe  I  sgl ■■■■■!  to  the  United  States)  I 
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the  1439  truck  ei  Wage,  whose  facte  arm  shown  la  Figure  t.  (l)  Th* 
total  of  144  edition  cAhes  legi    mi  17  pscseat  of  the  total  wmnutlm 


to  1414.  the  flrmt 
intercity  ton-miles  of  frsight  for  trucks  were  recorded,  trucks  mere 
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FIG.I       GROWTH    IN   TRUCK    USE     IN     THE      UNITED     STATES 

REFERENCE   (3) 
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credited  with  S3  billion  ton-miles.     In  1963, trucks  were  credited 
with  347.9  billion  ton -mi lea  or  23.8  percent  of  the  total  ton-miles 

carried  by  Intercity  freight  carriers.    This  represents  a  101 

(11) 
percent  increase  in  the  rate  of  growth  since  1950.       * 

Trucking  is  big  business  in  Indiana.    The  trucking  Industry 

represents  the  largest  single  source  of  employment,  creating  jobs 

for  248,209  people  and  an  annual  payroll  of  1.2  oil lion  dollars. 

In  Indianapolis  alone,  there  are  over  100  common  carrier  lines 

serving  the  city  and  at  least  twelve  major  freight  lines  maintain 

headquarters  there.     In  the  ate t«, 36. 8  percent  of  ell  outbound  freight 

is  handled  by  trucks.     Of  the  858  post  offices  in  the  state  of 

Indiana,  654  ox  77  percent  receive  and  send  all  their  mall  by  motor 

transport.     A  total  of  1,580  or  49.6  percent  of  the  Indiana  communities 

depend  entirely  on  trmske  for  ell  freight  transportation.     In  addition 

over  90,000  farm  trucks  ere  engaged  in  hauling  agricultural  products 

from  Indiana  farms.    With  the  Increaae  in  Industries  and  in  research 

end  development  program*,  tan  motor  track  will  become  an  increasingly 

Important  pert  ef  the  state's 


»*Js)  veleme  of  intercity 
by  cosnmrclal  blgmsey  eefeftslee,  m  emtio***  of  tin  ems***  nff 

eppllcetione  end  truck  volumes  en  e  specific  section  of  e  highway  la 

needed  by  highway  engineers,  planners,  and  administrators.     This  information 
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Is  essential  for  the  determination  of  design  standards,  for 
the  systematic  classification  of  highways,  and  for  the  development 
of  programs  for  improvements  and  maintenance.  In  addition,  the 
number  of  a::le  load  applications  and  total  truck  volumes  are 
important  for  the  development  of  highway  financing  and  taxation 
schedules  and  for  the  measurement  of  the  service  provided  by 
highway  transportation. 

One  general  approach  to  the  problem  of  estimation  is  to 
establish  the  boundary  conditions  and  then  to  proceed  from  one 
limit  toward  the  other  until  the  requisites,  set  by  the  purpose 
of  the  analysis,  are  met.  For  this  example  the  extreme  conditions  ares 

1.  to  establish  by  a  small  sample ^ the  average  weight  of  all 
vehicles  classed  as  trucks  and  to  assume  the  average 
percentage  of  trucks  in  the  traffic  stream  on  the  state 
highway  system.  These  two  factors  would  provide 

a  most  economical  estimate  of  axle  loadings, 

2.  to  establish  a  program  which  would  measure  weights  of  all 
vehicles  on  all  sections  of  the  state  highway  system  each 
day  of  the  year.  The  estimate  here  might  not  be  considered 
as  sush  since  it  would  contain  the  whole  population  of  trucks. 

hs  we  map  the  two  extreses^we  find  that  condition  one,  though 
most  economical,  can  not  provide  a  valid  estimate  for  design  purposes 


while  condition  two  provides  an  accuracy  beyond  Che  requirements  and 

at  a  prohibitive  cost.  The  solutions  lie  between  these  two  points 

and  whether  one  moves  from  one  toward  ao  or  in  reverse  depends 

upon  the  over-riding  constraint.  In  the  proposed  estimation,  cost 

was  assumed  to  be  the  limiting  factor  with  an   accuracy  subject  only 

to  statistical  testing  at  the  95  percent  confidence  level.  lu  sn  effort 

to  keep  costs  near  the  present  loadometer  budget  in  the  state,  time  was 

sacrificed  and  an  estimation  program  for  Indiana  would  not  be  operational 

for  a  period  of  four  to  five  years. 

Procedure 

The  basis  for  the  procedure  is  the  research  finding  that  many  of  the 
presently  operated  loadometer  stations  weigh  vehicles  of  each  class  which 
do  not  on  the  average  differ  by  weight  from  those  weighed  at  other 
stations.  If  these  similarities  can  pass  certain  statistical  tests 
then  one  station  can  operate  for  the  other  (slave  station)  with  only  a 
classification  being  made  at  the  slave  station. 

The  procedure  developed  in  this  research  for  estimating  axle  loadings 
on  a  statewide  basis  provides  for  the  following  stepss 

1.  i'he  highways  of  the  state  be  classified  by  system;  Interstate, 
Federal  Aid  Primary,  Federal  Aid  Secondary  and  Federal  Aid 
Urban,  This  assumes  weight  differences  by  system.  The  roads 
in  each  of  the  four  systems  are  to  be  divided  into  sections 
of  varying  length  to  provide  at  least  one  location  within 
Che  section  suitable  for  conducting  the  loadometer  operation 


8 


and  to  provide  relatively  constant  weight  distribution 
throughout  the  section.  See  Figure  3. 

2.  For  each  section  operated  the  first  year  (Indiana  will  probably 
continue  to  have  22  stations) ? the  following  information  will  be 
established g  ACT,  percent  cars,  percent  trucks,  the  number  of 
each  truck  type  and  the  axle  weights.  Weighing  will  be  done  on 
the  basis  of  Bureau  of  Public  Roads  Memorandum    .  Probability 
sampling  on  the  basis  of  ten  minute  intervals  should  be  used 

at  locations  where  the  volumes  are  so  great  that  all  passing 
trucks  cannot  be  weighed.  See  Figure  4. 

3.  For  each  truck  type, the  axle  weights  and  condition  (loaded  or 
unloaded)  are  recorded  for  each  vehicle  weighed.  Each  axle 
load  Is  converted  to  an  equivalent  13  kip  single  axle  load 
and  then  summed  to  give  an  equivalent  18  kip  axle  load  for 
each  truck  that  is  loaded.  A   similar  procedure  is  followed 
for  each  unloaded  truck.  See  Figure  5. 

4.  The  first  test  for  similarity  is  to  check  by  higliway  system 
if  the  average  18  kip  equivalent  weights  of  all  truck  types 
are  statistically  equal  for  all  stations.  This  test  is 
performed  by  a  two  way  Analysis  of  Variance.  Since  the  above 
test  requires  equal  variances  in  all  cells,  a  test  of  Homogenity 

of  Variance  must  precede  it.  On  occasion9hocsogenity  can  be  achieved 
through  proper  transformation  of  the  data.  See  Figure  6. 
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5.  if  similarity  is  not  established  but  homogenity  is 
present  or  can  be  achieved  by  transformation,  a  one  way 
analysis  of  variance  is  performed  to  evaluate  similar 
station  characteristic  by  truck  types.  An  evaluation  of  the 
specific  truck  types  which  are  similar  over  all  stations  must 
be  made,  if  these  are  generally  the  lighter  trucks,  it  would 
be  wrong  to  assume  similarity. 

6.  Failing  to  achieve  hoaogenity  of  variance^one  can  perform  a 
cell  by  cell  comparison  of  each  truck  type  by  each  station. 

By  use  of  the  T  Test,  the  mean  equivalent  axle  weights  for  each 
given  truck  type  can  be  tested  for  significant  differences. 
See  Figure  7. 

7.  The  results  of  step  6  can  be  illustrated  in  Figure  8,  which 
indicates  the  stations  that  have  non- significant  differences 
for  each  truck  type.  The  test  shows  that  stations  four  and 
five  are  similar  for  all  truck  types  and  stations  two  and  three 
are  similar  except  for  truck  type  three.  The  decision  as  to 
continuance  of  stations  two  and  three  might  depend  upon  the 
weight  of  truck  type  three  or  the  expected  frequency 

of  this  vehicle  at  both  stations. 

Conclusion 

Once  stations  are  found  to  be  statistically  similar,  new  sections 
or  stations  wo^ld  be  added  in  the  following  year  to  replace  all  but  one 
of  these  stations.  The  stations  replaced  are  slave  stations.  A 
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classification  count  will  be  performed  at  each  slave  station 
each  year  in  order  to  establish  the  percentage  of  eech  truck  type 
In  the  traffic  stream.  The  mean  18  kip  equivalent  axle  load  per  truck 
type  will  be  established  by  the  continuing  master  station.  To  accomplish 
the  statistical  testing  proposed,  computer  programs  were  written  In 
Fortran  IV  for  the  IBM  7090.  The  details  of  the  statistical  evaluation 
to  determine  station  similarities  by  stations  or  by  truck  type  are 
presented  in  a  Purdue  University  Joint  Highway  Research  Project  Report 
Ho.  8,  June  1965,  "Procedural  Guide  for  Estimating  Axle  Loadings  on  a 
Statewide  Basis".  Copies  are  available  at  the  cost  of  reproduction 
(about  $5). 

Over  a  period  of  several  years, all  sections  of  the  state  highway 
system  can  be  tested  for  similarities.  The  end  results  might  be  a 
slightly  larger  number  of  annual  loadometer  stations  and  certainly 
a  large  number  of  classiflcstion  counts  would  be  required,  but  a 
statistically  sound  estimate  of  axle  leadings  on  all  state  highways 
of  Indiana  would  then  be  available  at  a  reasonable  cost. 
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